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Supplementary Figure 1. Structural characterization of NiC2042H20 a-b, SEM images of
NiC204-2H,0 grown on NF. ¢, XRD pattern of NiC204:2H20 powder.
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Supplementary Figure 2. TGA of NiC204-2H20 and phase composition of C-Ni1xO a, TGA

of the NiC204-2H20 in argon atmosphere with a ramping rate of 10 °C min. b, XRD pattern

obtained from the C-Ni1-xO powder.



a
Ni 2p C1s
Ni-C 283.3 eV
S Ni-C 853.5 eV £l
© 5
> z
B ®
5 3
= C
= Satellite -
T T T T T T T T T T T
870 3|55 géo 8|55 3:50 3;15 200 288 286 284 282 280 278

Binding energy (eV)

Binding energy (eV)

276

Supplementary Figure 3. XPS of annealed NiC204-2H20 after argon plasma etching a-b, Ni

2p and C 1s XPS.



I vacuum direction

Supplementary Figure 4. The structure of (100) surface of NiO The vacuum’s direction is given

in the figure. The bottom layer is fixed (the color coding for different atoms is consistent for the

whole paper).
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Supplementary Figure 5. Ni terminated (111) surface of NiO The vacuum’s direction is given
in the figure.
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Supplementary Figure 6. NiO (111) surface phase diagram and structure a, The surface phase
diagram for (111) surface of NiO. b, The structure of O terminated (111) surface. The structures
of reconstructed surface and Ni terminated (111) are given in Figure 4a and Supplementary Figure

5, respectively.
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Supplementary Figure 7. The structure for the two-folds H adsorption site on p-surface The

direction of vacuum is given in the figure.



Supplementary Figure 8. The structure for the H adsorption sites on o-surface a, Ni #1, b,
the hollow site for the third layer Ni sites, c, the second layer O sites. Only the first three layers’

atoms are shown here.



2.0

1.54 o

1.0 1

C? (10° F?)

0.5 .

o
]
°°°°

-0.6 . -0.4 ' -d.2 ' 0!0 ' Ol.2 I OIA ' 0.6
Potential (V vs. Hg/HgO)

Supplementary Figure 9. Mott-Schottky plot of the C doped NiO The curve was collected in
1.0 M KOH at a frequency of 1000 Hz under an open circuit potential of -0.03 V vs. Hg/HgO.
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Supplementary Figure 10. PDOS plots of NiO a-b, PDOS plots of NiO before and after C

doping. The eigenvalues are absolute values referenced to the vacuum level.
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Supplementary Figure 11. The structure for the H adsorption sites on C-surface H bonds with
a, the dopant C, b, Ni #1°, ¢, Ni #1” and one third layer Ni, d, hollow site of the third layer Ni, e,
O which connects with dopant C, and f, O which connects with Ni #1°. Only the first three layers’

atoms are shown here.
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Supplementary Figure 12. Morphology of C-NiixO-Air/NF a-c, SEM images of the C-Ni1xO-

Air/NF collected at different magnifications.
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Supplementary Figure 13. XPS spectra of C-Ni1-xO-Air Ni 2p, O 1s, and C 1s XPS spectra of

C-Nir-xO-Air powder sample.
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Supplementary Figure 14. Chemiacl environment of C-Ni1xO after CV conditioning a, Ni 2p,
O 1s, and C 1s XPS spectra of the C-Ni1xO powder sample after CV conditioning. b, O K-edge
and C K-edge XANES spectra of the C-Ni1xO/NF (red curve) after CV conditioning and NF (grey

curve).
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Supplementary Figure 15. Polarization curves of four independent C-Ni1xO samples The

samples were measured in the same condition at the scan rate of 1 mV s in nitrogen saturated 1.0

M KOH (iR corrected). Inset is the overpotential at the jgeo=10 mA cm of the four samples.
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Supplementary Figure 16. Areal capacitance of different samples The difference of the anodic
and cathodic current density difference of C-Ni1-xO, C-Ni1.xO-Air, NF, and Pt/C versus scan rate.
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Supplementary Figure 17. Long term stability of C-Ni1xO a-b, Chronoamperometry curves of
the C-Ni1xO samples at the potential of -32 mV and -275 mV vs. RHE (without iR correction),
respectively. Dashed line represents the replacement of the electrolyte.
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Supplementary Figure 18. The IMs of the Nudged Elastic Band (NEB) calculation on o-
surface The calculation is for Heyrovsky step. IMs are the images, IS is the initial state, FS is the
final state and DIMER calculation was further performed on IM4 to find the saddle point. Only the

first three layers’ atoms are shown here.
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Supplementary Figure 19. The IMs of the Nudged Elastic Band (NEB) calculation on C-
surface The calculation is for Heyrovsky step. IMs are the images, IS is the initial state, FS is the
final state and DIMER calculation was further performed on IM4 to find the saddle point. Only

the first three layers’ atoms are shown here.
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Supplementary Figure 20. The magnified transition state (TS) of o-surface Only the first three

layers’ atoms are shown here.
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Imaginary frequency: 161 cm™, it is

Supplementary Figure 21. The magnified TS of C-surface Only the first three layers’ atoms are

shown here.
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Supplementary Tables

Supplementary Table 1. Properties comparison Lattice constant, atomic magnetic moment, and

band gap comparisons between literature experimental and calculation results, and our calculated

results.
Properties Experimental Literature (GGA + U, Uesr = 5.3 Our results (PBE + U, Uer = 5.3
value eV) eV)
Lattice constant (A) 4.17 (Ref. }) 4.19 (Ref.?) 4.22
Atomic magnetic moment ;g4 o 2 169 (Ref.?) 1.64
(Me)
Band gap (eV) 4.2 (Ref.h) 3.1 (Ref.?); 2.43 (Ref. ) 2.74
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Supplementary Table 2. The summary of the total energy difference (AE), solvation energy
difference between H bound surface and bare surface (AE 1 ation), Vibration energy
(Eyibraion), AG, atomic charge difference (AQ) of bound atom and coordination number (CN)

of bound atom for all H binding sites

o AQ of bound Eillel
Surface bln_dlng AE(H) (eV) AE so1pation(€V) E,ibraion (€V) AG(H) (eV) atom bound

site atom
p-surface Ni-H -0.462 0.112 0.158 -0.192 0.650 3
o-surface  Ni-H (a) 0.768 -0.025 0.192 0.935 0.168 3
o-surface  Ni-H (b) -0.034 0.013 0.173 0.152 0.124 5
o-surface O-H (c) -0.405 -0.014 0.321 -0.098 -0.129 4
C-surface C-H (a) 1.808 0.007 0.322 2.137 N/A 3
C-surface  Ni-H (b) 0.108 0.007 0.167 0.282 0.636 2
C-surface  Ni-H (c) -0.016 -0.087 0.134 0.031 0.389 2and5
C-surface  Ni-H (d) 0.013 -0.039 0.130 0.104 0.084 5
C-surface  O-H (e) 0.539 -0.100 0.307 0.746 0.515 3
C-surface O-H (f) -0.965 0.044 0.319 -0.602 -0.144 4
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Supplementary Table 3. The simulated equivalent circuit results of the NF and C-Ni1-xO
samples

Sample Rs [Q] Ret [Q] CPE-T CPE-P
NF 1.0 54 1.751x10* 0.9125
C-NixO 0.78 2.0 4.496x107 0.9150
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Supplementary Table 4. HER performance comparisons The comparison of the C-Ni1.xO/NF

with the reported state-of-the-art nickel-based sulfides, nitrides, and phosphides.

Catalyst jgeozl((;n %/,)A\actm-z SIEET gi';e Yy Tafe';égg; (Y Reference
C-Ni1xO/NF 27 1 36 This work
NiS, Hollow microsphere 219 5 157 5
Cu nanodot decorated NisS; 128 5 76.2 6
nanotubes
Activated NiSz nanosheets /NF 67 1 63 7
Ni-N,/porous carbon 147 1 114 8
NisN1x/NF 55 5 54 9
NisN nanosheets/Pt 50 5 36.5 10
Ni>P nanoparticles/NF 221 5 - 11
NisP4 film/NF 150 10 53 12
Ni2P flakes/NF 85 5 - 13

26



Supplementary Table 5. The summary of total energy E, solvation energy Eg mation
vibrational energy E,;praion @Nd free energy G for different surfaces. For total energy E, o-
surface and C-surface are using their corresponding initial state (IS) as reference point. For

G', o-surface and C-surface are using their corresponding IS free energy G as reference point

Surface E (eV) Esotwation(€V)  Eyipraion (€V) G (eV) G' (eV)
IS of o-surface 0 -0.598 1.270 0.672 0
TS of o-surface 1.23 -0.508 1.117 1.809 1.167
FS of o-surface 1.04 -0.545 1.036 1.531 0.859
IS of C-surface 0 -0.600 1.276 0.676 0
TS of C-surface 0.8 -0.549 1.232 1.483 0.807
FS of C-surface 0.65 -0.516 1.262 1.396 0.720

27



Supplementary Notes

Supplementary Note 1

Formation of nickel oxides

The dehydration of nickel oxalate dihydrate can result in nickel oxalate and water (NiC,0,
2H,0 - NiC,0, + 2H,0) and the subsequent decomposition of nickel oxalate leads to the
generation of metallic Ni and carbon dioxide ( NiC,0, — Ni+ 2C0,). During the rapid
decomposition of nickel oxalate, the carbon dopants can be retained in the Ni structure.
Furthermore, the residual water from the dehydration step can react with Ni at the decomposition

temperature (2H,0 + Ni — NiO + H,), leading to the formation of nickel oxides'**°.
Supplementary Note 2

Determination of stable surface
To determine the most stable surface termination, a surface phase diagram was plotted as a function
of chemical potential of O species. In general, the surface energy is defined as the energy required

to form new surface divided by the surface area.

Y= %(Esrzealgxed — Efixeapart — HnilNni = HoNo) (1)
where, EZZ[5*e® is the energy for the whole relaxed slab, Ef;yeq pare is the energy for the fixed
bottom two layers, uy; and u, are the chemical potential of nickel and oxygen, respectively, and

Ny; and N, are the number of nickel and oxygen ions in the relaxed part. For NiO, the following

chemical potential relation of Ni and O must be satisfied.
tni + to = tnio - (2)
Since there are 8 Ni and 8 O in NiO bulk unit cell, we have
Hnio = %ENiO puti- (3
Enforcing equation (1), (2) and (3) has allowed us to now write the surface energy as a function of

Uo
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1 1
vy=7 Tpxed — Erived part — §ENi0 putkNni + o (Ny; — No) [ (4)

Finally, we look to determine the range of u,. In an oxygen rich environment, oxygen will come

from O2 gas and hence p, = %EOZ. In a nickel rich environment (oxygen poor), nickel will be

produced from pure bulk Ni and so yy = %EMO — Ey;. These extreme limits give upper and lower
bounds for .

%ENIZO —Eyi S po < %Eoz )
According to equation (4), we plotted how surface energy changes with p,, in the range shown in

equation (5) in Supplementary Fig. 6.
Supplementary Note 3

Chemical environment of C-Ni1xO-Air

In order to investigate the role of C in HER, C-Ni1-xO was annealed in the air at 400 °C for 10 min
(denoted as C-Ni1xO-Air) to remove the C dopant. SEM images (Supplementary Fig. 12) show
that C-Ni1xO-Air exhibits the same morphological feature with that of C-Ni1xO after the post-
growth air annealing. The XPS data (Supplementary Fig. 13) collected from C-Ni1.xO-Air suggest
that the carbon dopants in C-Ni1.xO have been removed after the air annealing, which is evidenced
by the disappearance of the C dopant signal (288.6 eV in Cls spectrum and 855.7 eV in Ni 20
spectrum). The Ni 2p and O 1s spectra suggests the presence of NiO. Specifically, the peaks at
853.3 eV in Ni 2p and 529 eV in O 1s spectra suggests the existence of NiO*7, while the peak at
855.2 eV originates from Ni®* in NiO*1°, The presence of Ni** is a result of the formation of Ni
vacancies (Vi) in NiO, as evidenced by O-Vni at 530.9 eV in O 1s spectra®®?l, The 532.7 eV
signal in O 1s spectra is attributed to the surface adsorbed OH on the NiO??, while the peak
centered at 532 eV together with the other two peaks (286.2 and 288.1 eV) in C 1s spectra are
corresponding to the adsorbed oxidized adventitious carbon!®?, Taking together, SEM and XPS
results support that C-Ni1xO-Air can serve as a control sample to investigate the effect of carbon

doping.
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Supplementary Note 4

Chemical environment of C-Ni1xO after CV conditioning

By comparing the XPS results (Supplementary Fig. 14) with those obtained from the C-Ni1.xO
catalyst before conditioning (Fig. 3), the peaks located at 854.5, 855.7 and 857.1 eV in Ni 2p
spectrum corresponding to Ni?* in NiO, Ni-O-C=0, and Ni®*" are all present for the conditioned
sample (Supplementary Fig. 14a), suggesting the oxidative Ni species and carbon dopant are
preserved. Likewise, the characteristic peaks at 528.5, 529.4, 530.9 eV, and 532.3 eV in O 1s
spectra, and the peaks at 284.6 and 288.6 eV in C 1s spectra are also consistent with the signals
obtained from the catalyst before conditioning (Fig. 3a). The O and C XPS results also confirm
that the existence of the Ni%*, Ni vacancy, and the dopant structure of O-C=0 after conditioning.
The extra peaks (533 eV in O 1s, 286.8, 289.9, and 291.8 eV in C 1s spectra) observed for the
conditioned sample are ascribed to the C-O and C-F/C-F; structure from the residues of Nafion
binder that was used in attaching the catalyst to the electrode?*?’. The Nafion residues in the
conditioned sample can also result in a C 1s peak at 288.6 eV due to its C-F2S structure®. This
peak overlaps with that of O-C=0O, which makes it difficult to estimate the atomic carbon
concentration after conditioning. In order to exclude the influence of Nafion binder and confirm
the coordination environment, XANES characterizations were carried out on the binder-free
catalyst sample, i.e. C-Ni1-xO grown on nickel foam (Supplementary Fig. 14b). The highlighted
shaded areas of O K-edge and C K-edge spectra show the exact same characteristic peaks of C-
Ni1xO reported in Fig. 3. The results confirm that the O-C=0 structure (carbon doping) are still
presented in the conditioned sample. Taken together the XPS and XANES results, it is reasonable
to conclude that the catalyst’s composition is similar before and after conditioning. Furthermore,
based on our XPS and XANES, it is reasonable to conclude that NiO layer is preserved after

measurement.
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Supplementary Methods
DFT Calculation Details

For the QE calculation part, ultrasoft pseudopotential with kinetic energy cutoffs of 40 Ry for
wavefunction and 240 Ry for charge density is implemented. In order to capture the correct
antiferromagnetic ordering of Ni along the (111) direction, a 2 X 2 X 2 supercell must be used.
Integration over the Brillouin zone is performed using a 4 X 4 x 4 k-point mesh. In order to
improve k-point integration, a cold smearing of 0.002 Ry is used?. A convergence threshold of
1.0E”" Ry on total energy is used for all self-consistency calculations. Atomic positions are relaxed
until the total energy and total force converges to 1.0E* Ry and 1.0E Ry Bohr?, respectively.
The calculated lattice constant, magnetic moment and band gap are 4.22 A, 1.64 pg and 2.74 eV,
which agree well with previously reported theoretical values of 4.19 A, 1.69 ps and 2.43 eV?*,
These values are listed in Supplementary Table 1.

In order to study the surface of NiO, the bulk unit cell was converted from its fcc unit cell
to simple cubic unit cell, and then this cell was expanded to a V5 x v/2 x 1 supercell for the (111)
surface or a 2 x 2 x 1 supercell for the (100) surface. A vacuum region of 15 A is added to
effectively separate two adjacent slabs and avoid spurious interactions. The convergence of surface
energy over the number of layers was tested and it was found that the energy difference between
5-layer slab and 7-layer slab is smaller than 1 meV A, so 5-layer slab is used. In order to mimic
the properties of bulk, the bottom two layers of (111) surface were fixed with bulk positions, while
the remaining structure relaxed as the surface. Due to the inversion symmetry breaking, a dipole
field correction was applied along the vacuum direction. For all slab calculations, a 2 x 2 x 1 k-

point mesh was used with a smearing of 0.005 Ry to help the convergence.

Calculation of AGy
AGy is the most commonly used indicator to compare the activity between different sites toward
hydrogen adsorption since it correlates well with experimental exchange current densities, and an
optimal hydrogen adsorption corresponds to AGy= 0 (too positive or negative AGy leads to too
weak or strong hydrogen adsorption)?®. We calculated AG,, with the following equation, proposed
by Narskov et al*3L,

AGy = AEy + TAS + AZPE + AEsoipation  (6)
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where, AEy is the change in the total energy change after H adsorbs on the surface, TAS is the
change of entropy, AZPE is the change of zero point energy and AE g, pation 1S the solvation energy

difference between surface with H and bare surface.

H adsorption profile on p-surface and o-surface

The AGy of all possible hydrogen adsorption sites on both surfaces have been calculated to give
insights into the effect of Ni vacancy on the activity toward hydrogen adsorption. With respect to
p-surface, we found that only the bridge site (i.e. H bonding with two Ni, Supplementary Fig. 7)
is favorable for H adsorption with a AGy value of —0.192 eV (Supplementary Table 2). On the
other hand, for the o-surface, in addition to Ni #1 (Supplementary Fig. 8a), both the exposed third
layer Ni and second layer O are also possible H adsorption sites. The AGy of Ni #1 exhibits a more
positive value of 0.935 eV as expected as the formation of Ni vacancy (Ni?* = Vy; + 2h™) is
accompanied with oxidization of the nearby Ni?* to Ni*, making H adsorption more difficult on
Ni #1. In contrast, the exposed underlayer Ni and O sites of the o-surface are more favorable for
H adsorption. The hollow sites composed by three-fold third layer Ni ions (Supplementary Fig. 8b)
give a slightly positive AG, of 0.152 eV (Supplementary Table 2) because the three-bonds
configuration largely increases the interaction between Ni and H. The second layer O sites
(Supplementary Fig. 8c) exhibit a most close to 0 value of AG,= —0.098 eV. However, we found
that the adsorption of H> molecules generated in HER onto the second layer O ions are too
favorable that the subsequent relax process of H2 would cause one H strongly bonds to the O site
and the other one leaves. This result suggests that the O sites could be occupied/deactivated by H>
molecules during HER. Similar situation was not found on the Ni sites which are expected to be
active during HER. Overall, o-surface doesn’t increase the number of active H adsorption sites per

surface area compared to that of p-surface.

Calculation of ECSA
The ECSA was calculated based on a method reported in literature®?. A series of CV (from 20 to
120 mV s with an interval of 20 mV s™) were collected in a non-faradaic reaction potential

window from 0.2 V to 0.1 V vs. RHE. A linear plot of the janodic - jcathodic VErsus scan rate was
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obtained accordingly and the slope is proportional to the ECSA. The ECSA can be calculated

through the following equation:

ECSA = Sareal® (7
Cref

Where C,..q; represents the areal capacitance (i.e. the slope of Supplementary Fig. 14), A is the
geometric area of the working electrode (0.5 cm?), and Crer Is the referential area capacitance of

flat electrode (here we use 40 pF cm for Ni based catalysts and 30 uF cm for Pt suggested by

Jaramillo et al.333%),

Energy barrier calculation

For the energy barrier calculation, the 1S and FS for Heyrovsky step on both o-surface and C-
surface were relaxed. The number of required IMs for NEB calculations was tested for the
Heyrovsky reaction over o-surface and C-surface. It was found that 8 IMs and 6 IMs are enough
to converge the barriers for o-surface and C-surface, respectively. After the exact saddle point was
found by DIMER calculation, we did phonon calculation for all atoms in the system (except for
the layers whose atoms are fixed) to check the number of imaginary frequencies in the system and
confirmed there is only one imaginary frequency, whose direction is along the reaction pathway.

All these indicate that they are the real saddle points.

Coordinates files

The coordinates files for pristine NiO surface, octopolar NiO surface and C doped NiO surface
(the atoms with “0 0 0 after their coordinates are fixed at the NiO bulk positions, in order to
recover the bulk properties at the bottom layer of the slab) are shown below.

Pristine NiO:

ATOMIC_POSITIONS (angstrom)

Ni2  2.585001230 1.492451429 0.000000000 0 O
Ni2 12.925001144 7.462253571 0.000000000 0 O
Ni2  7.755000591 4.477352142 0.000000000 0 O
Ni2  7.755013943 7.462252617 0.000000000 0 O
Ni2  7.754985332 1.492450356 0.000000000 0 O
Ni2  2.585014105 4.477351665 0.000000000 0 O
Ni2 10.339985847 2.984901428 0.000000000 0 O
Ni2 5.170014381 5.969802380 0.000000000 0 O
Ni2 10.340000153 5.969802380 0.000000000 0 O
Ni2  5.170000076 2.984901190 0.000000000 0 O
Ni2  0.000000000 0.000000000 0.000000000 0 O
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Ni2
Ni2
Ni2
Ni2
Ni2

5.169985771 0.000000000 0.000000000 0 0 O
6.634893426 5.949060775 4.899562956
11.803075597 2.977797710 4.899414562
11.789835516 8.956480205 4.913410004
12.100744959 5.966058055 4.820391291

Ni2
Ni2
Ni2

S22 <<
NNONNN

oNojoNoNoNoNoNoRoNoRoNoNoNoNoNoNoNoNoNoNoNoNONO)

1.769263106
6.925002264
4.388141356
4.402543623
9.572910959
9.565357497
9.579401780
4.406890533

0.007260560
3.001664437
1.274623526
7.230907084
4.259264754
7.672709186
1.702201992
4.674057545

9.478335381 7.462243557
4.308336735 4.477342129
9.478307724 1.492441773
1.723326445 -0.000005241
12.063324928 5.969794273

6.893324852
4.308324337
4.308351040
9.478323936
1.723338723
6.893338680
6.893310547
7.766789645
2.593344587
12.932300029
5.169473594
10.332160741
5.166486136
7.759884848
2.597434813
7.764210268
5.156336003

2.984893084
1.492440701
7.462243080
4.477341652
2.984895229
5.969796181
-0.000005241
4.497327788
1.518328043
7.479346140
5.966141917
2.974859228
-0.001256182
7.435675829
4.454770581
1.465795600
2.974137518

4.816415868
4.815725509
4.878680099
4.886677723
4.879407637
4.880994308
4.876635407
4.872048574
1.217316151
1.217316151
1.217316151
1.217316151
1.217316151
1.217316151
1.217317343
1.217317343
1.217317343
1.217317343
1.217317343
1.217317343
3.760836568
3.762554610
3.771802485
3.430139259
3.425497528
3.432949109
3.774912341
3.774813658
3.797857620
3.821763842

10.330291347 5.972079800 3.830678052
-0.014826790 -0.008754839 3.846753535

OO0 000000000

OCO0OO0OO0O0O0O0O 0000

OO0 000000000

Nil  6.041919473 4.464512861 2.388429385
Nil 11.216181937 1.480003769 2.393095547
Nil 11.210076728 7.440808018 2.423753153
Nil  6.050819639 7.471160410 2.407281049
Nil 11.211025812 4.479782930 2.400897050
Nil 6.039044278 1.511145077 2.411448217
Nil  3.446911931 2.987146136 2.474052860
Nil 8.616437798 5.965441024 2.485672225
Nil 13.794849099 8.956191981 2.516308698
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Nil
Nil
Nil

8.597749012 8.958600837 2.394043722
8.597931860 2.987027572 2.388740778

13.771277194 5.962818379 2.403863855

Octopolar NiO (Ni terminated):
ATOMIC_POSITIONS (angstrom)
2.585001230 1.492451429 0.000000000

Ni2
Ni2
Ni2
Ni2
Ni2
Ni2
Ni2
Ni2
Ni2
Ni2
Ni2
Ni2
Ni2
Ni2
Ni2
@)

oNooNoRoNoNoNoNoNoNoNoNoNoNoNoNoNONONG)

<
[

Nil
Nil
Nil

12.924998283 7.462252617 0.000000000

7.754999638
7.755012512
2.585012436
7.754984856
5.170012474

10.339982986 2.984899759 0.000000000

4.477351665
7.462250710
4.477349758
1.492449880
5.969799995

0.000000000
0.000000000
0.000000000
0.000000000
0.000000000

5.169984818 0.000000000 0.000000000
0.000000000 0.000000000 0.000000000

10.339996338 5.969800949 (0.000000000

00000000 5O

5.169998169 2.984900475 0.000000000 O
4306194243 1.501121326 4.551515661
14.653750778 7.466375769 4.551909056
9.475588783 4.475231805 4.544669233
9.478334427 7.462242126 1.217316151
4.308336258 4.477341652 1.217316151
9.478305817 1.492441177 1.217316151

1.723326445
12.063322067
6.893323421
4.308324337
4.308349133
9.478322983
6.893336773
1.723337412
6.893309593
5.123546743
5.145779187

-0.000005522

5.969792843
2.984893322
1.492441058
7.462241650
4477341175
5.969793797
2.984893322
-0.000005522
2.930225968
8.887183318

1.217316151
1.217316151
1.217316151
1.217317343
1.217317343
1.217317343
1.217317343
1.217317343
1.217317343
3.578302127
3.578899865

10.303952888 5.907218999 3.584039903
7.830262748 4.472456026 3.568565900
2.658753682 1.488053427 3.578888954
13.004298309 7.472723515 3.583152348
5.128409066 6.033814232 3.577497797
10.296843667 3.049217762 3.566944854
5.138734648 0.076295147 3.581518558
8.638884009 5.933051406 2.402611468
3.461230128 2.953235312 2.405000067
13.814659285 8.927158160 2.409689826
5.995361486 7.459025161 2.404989384

35

OO0 000000000

O OO 00000 50O

OCO0OO0O0O0O0O0O 0000

OO0 00000 O
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Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil

11.156261065 4.477428660 2.401255993

5.992329088
3.467857197
3.464927250
8.638380494
6.032602829

1.502653856
0.032478394
6.003800658
3.021776336
4.478666580

2.408652273
2.411450932
2.411637290
2.381785149
2.681399014

11.200626483 1.494791358 2.680944137
11.202390257 7.465695549 2.707438063

C doped NiO:
ATOMIC_POSITIONS (angstrom)
3.953368411 8.105519390 4.769924411
3.919601218 0.851430979 4.769428920
10.228399643 4.464283009 4.768965457
2.585001230 1.492451549 0.000000000 O
12.924998283 7.462253094 0.000000000 O
7.755012035 7.462251663 0.000000000 O
7.754999638 4.477351665 0.000000000 O
5.170012474 5.969800949 0.000000000
7.754984856 1.492450118 0.000000000
2.585011959 4.477350235 0.000000000
10.339996338 5.969801426 0.000000000
5.169998169 2.984900713 0.000000000
10.339982033 2.984900236 0.000000000
5.169984818 0.000000000 0.000000000
0.000000000 0.000000000 0.000000000
10.166559505 5.947766858 3.548773144
13.032175701 7.320918067 3.549691981

Ni2
Ni2
Ni2
Ni2
Ni2
Ni2
Ni2
Ni2
Ni2
Ni2
Ni2
Ni2
Ni2
Ni2
Ni2

oNoNoNoRoNoNoNoNoNoNoNoNoNoNoNoNoNONONG)

5.234497600
5.248501762
2.682636983
5.379463072
5.381944586
7.337672278

0.161388833
8.793523110
1.638608160
3.345821320
5.605949389
4.473901882

3.549429723
3.528300056
3.529576713
3.523053475
3.524350303
3.522837971

10.164907344 2.997895871 3.529188974

9.478322983
4.308348179
4.308324337
6.893309593
1.723336935
6.893337250
9.478334427
4.308336258
9.478305817
6.893323898
1.723326206

4.477342129
7.462242603
1.492441177
-0.000005802
2.984893560
5.969794750
7.462243080
4.477342606
1.492441177
2.984893560
-0.000005802

1.217317343
1.217317343
1.217317343
1.217317343
1.217317343
1.217317343
1.217316151
1.217316151
1.217316151
1.217316151
1.217316151
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CoOogO0 000

ecleoNoNololoNolNolNeNolNo]

OO0 OO OO0 pDOOOo

ecleoNoNolololNolNolNeNolNo]



O  12.063321114 5.969794273 1.217316151 0 O O
Nil 11.202545510 7.462588279 2.735532173
Nil 11.201144509 1.491540669 2.691088910
Nil 13.877250805 5.939230694 2.439927652
Nil  3.488650717 0.079140634 2.419721085
Nil 13.834048077 8.876090325 2.421822169
Nil 6.013095990 1.583746641 2.439877144
Nil  3.525379428 3.020093177 2.420554667
Nil 6.023027430 7.373537820 2.419918484
Nil  8.546335249 5.906985532 2.439458465
Nil 11.112319135 4.476004809 2.418688105
Nil  8.546482919 3.035853130 2.420442764
C 6.033012093 4.475103469 3.498717881
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